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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Jacson Liu Examiner: Guerrero, M 

Filing Date: 11/03/98 Art Unit: 2822 

Serial No.: 09/187,197 Docket No. :MVI-005 

Title: SHALLOW TRENCH ISOLATION METHOD FOR A SEMICONDUCTOR 
WAFER 

To: The Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Subject; Response to the Office Action dated 02/17/99 
Dear Sir: 

AMENDMENT 

In response to the Office Action identified above, please 
amend the above-identified application as follows 

Cancel claim 14-19, 
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1. Restriction to claims 1-19: 

Claims 1-19 are pending in this application. Restriction 
to one of the following invention is required under 35 U.S.C.§ 
121: I. Claim 14-19, drawn to a semiconductor device^ classified 
in class 257, subclass 301. II. Claim 1-13, drawn to a process 
of making a semiconductor device apparatus, classified in class 
438, subclass 427. Applicant is advised that the response to 
this requirement to be complete must include an election of the 
invention to be examined even though the requirement be 
traversed (37 C.F.R. 1.143). 

Response : 

Applicant accepts the Examiner's opinion and amends the 
claims in the above AMENDMENT portion according to 37 C.F.R. 
1.143. The method claims of claims 1-13 are elected as the 
subject matter to be examined in the present application. The 
product claims of claims 14-19 are non-elected and therefore 
canceled. Reconsideration over claims 1-13 is hereby request. 

Sincerely yours. 



Date: 



Winston Hsu 

U.S. Patent agent 

Reg. No, : 41, 526 
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Projecting device for displaying computer images 
BACKGROUND OF THE INVENTION 

1. Field of the invention 

The present invention relates to a projecting device, and 
more particularly, to a projecting device for displaying 
computer images, 

2. Description of the prior art 

Digital micro-mirror devices are often used as image 
modules in reflective projecting devices for generating 
images by reflection and for projecting images. However, the 
distances between incident light beams and reflected light 
beams in such projecting devices are often small. Therefore, 
in order to avoid unwanted interference between light beams, 
the projecting devices must be made very large. 

Please refer to Fig.l, Fig.l is a perspective view of a 
prior art reflective projecting device 10. The reflective 
projecting device 10 comprises a reflective image module 12 
comprising a plurality of controllable reflective surfaces 
(not shown) for modulating an incident light beam 11 and 
generating an image-containing reflected light beam 13, a 
total reflecting prism 14 for preventing interference between 
the incident light beam 11 emitted to and the reflected light 
beam 13 reflected from the image module 12, an optical device 
16 such as a dichromatic mirror or a dichromatic prism, and 
a projecting lens 18 for focusing the image-containing 
reflected light beam 13 and outputting the image. 

The projecting device 10 uses the total reflecting prism 


1 


14 to prevent unwanted interference between the incident light 
beam 11 emitted to and the reflective light beam 13 reflected 
from the image module 12. A long post focal distance 19, i.e, 
a long distance between the image module 12 and projecting 
5 lens 18, is therefore required. Therefore, the projecting 
device 10 must be very large and complicated leading to 
increased manufacturing cost . The prism 14 shortens ray traces 
of the incident light beam 11 and the reflective light beam 
13 but also refracts light which causes chromatic aberrations 
10 and deterioration of the image. Also, the prism 14 reflects 
undesired deviated light onto the projecting lens 18 which 
lowers image contrast. Finally, assembly requirements for the 
total reflecting prism 14 are rigid which increases complexity 
of the structure and cost of manufacturing. 

15 

SUMMARY OF THE INVENTION 

It is therefore a primary objective of the present 
invention to provide a projecting device to solve the above 
20 mentioned problems. 

In a preferred embodiment, the present invention provides 
a projecting device comprising: 

a light source for generating an incident light beam; 
25 a reflective image module comprising a plurality of 

controllable reflective surfaces for modulating the incident 
light beam and generating a reflected image-containing light 
beam; 

a first lens set for concentrating the incident light beam; 
30 a reflective mirror for reflecting the incident light beam 

from the light source onto the image module through the first 
lens set; and 

a second lens set installed between the light source and 
the reflective mirror for shortening an optical path from the 
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light source to the reflective mirror; 

wherein the optical path of the incident light beam 
reflected from the image module intersects a plane formed by 
the optical paths of the incident light beam from the light 
5 source to the reflective mirror and from the reflective mirror 
to the image module at one point. 

It is an advantage of the present invention that the lens 
sets and the reflective mirror of the projecting device are 

10 specially arranged to prevent light crossings and to shorten 
the optical path thereby reducing the overall size of the 
projecting device. Moreover, the projecting device does not 
use prisms and so there is no generation of chromatic 
aberrations and no deviation of light. This results in ease 

15 of installation and lower manufacturing costs. 

This and other objectives of the present invention will 
no doubt become obvious to those of ordinary skill in the art 
after having read the following detailed description of the 
20 preferred embodiment which is illustrated in the various 
figures and drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

25 Fig.l is a schematic view of a prior art reflective 

pro j ecting device . 

Fig. 2 is a schematic view of a projecting device according 
to the present invention. 

Fig. 3 is a ray trace diagram of the light beam shown in 
30 Fig, 2. 

Fig. 4 is a positioning diagram showing relative positions 
of the first and second lens sets shown in Fig. 2. 

Table. 1 is a list of the reference optical data in the first 
preferred embodiment . 


Table. 2 is a list of the reference optical data in the 
second preferred embodiment. 

Table. 3 is a list of the reference optical data in the third 
preferred embodiment. 

Table. 4 is a list of the reference optical data in the 
fourth preferred embodiment. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 Please refer to Fig. 2. Fig. 2 is a schematic view of a 

projecting device 20 according to the present invention. The 
projecting device 20 comprises a light source 21, a third lens 
set 26, a rotatable color wheel 40, a second lens set 28, a 
reflective mirror 30, a first lens set 32, a reflective image 

15 module 34, a projecting module 36, and a control module 38 
for outputting image control signals to the image module 34, 

The light source 21 comprises a light bulb 22 and a curved 
reflective mirror 24 and produces a first incident light beam 

20 46. A third lens set is installed between the light source 
21 and a rotatable color-filtering color wheel 40 for focusing 
the first incident light beam 46 onto the color filters. The 
rotatable color wheel 40 rotates to color the first incident 
light beam 46 for sequentially producing red, green, and blue 

25 lights. The filtered first incident light beam 46 then passes 
through the second lens set 28 which shortens the optical path 
of the first incident light beam 4 6 to the reflective mirror 
30 where it is reflected to the first lens set 32 which 
concentrates this second incident light beam 48 onto the image 

30 module 34. The image module 34 could be a reflective liquid 
crystal display or a digital micro-mirror device which 
comprises a plurality of individually controllable micro- 
mirrors arranged in matrix formation . Based on control signals 
received from the control module 38, the image module 34 
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modulates the second incident light beam 48 to produce an 
image-containing reflected light beam 50 which is passed to 
the projecting module 36 where it is focused and outputted. 


5 The rotatable color wheel 40 comprises a plurality of 

transparent red, green and blue color filters 48 each 
installed at positions 42 on a round panel 41 equidistant from 
its center. The rotatable color wheel rotates at a constant 
speed along its axis 45 to filter the first incident light 
10 beam 46 to sequentially produce red, green and blue lights 
in turn. This filtered reflected light beam 50 is output in 
the appearance of a composed image due to persistence of vision 
of the user. 

15 The first and second lens sets 32, 28 of the projecting 

device 20 have positive diopters that substantially reduce 
the total length of the optical path of the incident light 
beam 46 from the light source 21 to the image module 34. After 
processing by the color filters, the incident light beam 46 

20 is ultimately concentrated on the image module 34 with maximum 
light usage efficiency by that the concentrated spot size of 
the incident light beam 4 6 is just enough to cover the entire 
reflective surface of the image module 34 . The reflective 
mirror 30 and image module 34 are arranged at angles such that 

25 crossing of the light beams in three-dimensional space of the 
incident light beam 48, the reflected light beam 50 and the 
incident light beam 46 is prevented. This in turn allows 
greater reduction in the size of the projecting device 20. 

30 Please refer to Fig, 3, Fig. 3 is a ray trace diagram of the 

light beams 4 6, 48, and 50 in a three-dimensional space formed 
by X, y, and z-axes. The first incident light beam 46 is 
generated by the light source 21, and then travels through 
the optic axis of the third and second lens sets 26 and 28 


5 


to the reflective mirror 30 where it is reflec-ed to pass 
through the first lens set 32 to become the second incident 
light beam 48. The angle between the optic axis and the x-axis 
is between 0 to 15 degrees. The second incident light beam 
5 48 is then reflected by the image module 34 in the X-Y plane 
to form the reflected light beam 50, which is then emitted 
through the projecting module 36. Fig. 3 also shews that the 
normal line 51 (the positive z-axis) of the reflective surface 
of the image module 34 intersects the plane formed by light 
10 beams 46 and 48 at zero point. The position of the y-axis of 
the image module 34 is higher than the position of the y- 
axis of the reflective mirror 30 and the light source 21 but 
lower than that of the projecting module 36. 

15 Wherein the angle a between the reflected light beam 50 

and the normal line 51 (positive direction of z-axis) of the 
image module 34 is between 2 to 18 degrees, the ancle 9 between 
the second incident light beam 48 along the optic axis of the 
first lens set and the normal line 51 is between 21 to 35 degrees 

20 and the angle <j) between an x-y plane projection line 53 of 
the optic axis of the first lens set 32 and the x-axis is 
between -48 to -58 degrees. The lens sets 26, 28 and 32 together 
with the reflective mirror 30 can form a bent optical path 
45, 48 throughout its course through the optic axis and 

25 between each lens set. This 3-D design can dramatically reduce 
the volume of the projecting device 20. 

In the projecting device 20, the first lens set 32 could 
be a positive lens of aspherical plane-convex or aspherical 
30 biconvex, and the conic of the positive lens is between - 
1.2 and -0.45. Also, in order to maintain light efficiency 
while diminishing the height of the projecting device 20 and 
preventing interference of the reflected light beam 50 
generated by the image module 34 with the first lens set 32, 
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areas not occupied by the incident light beam 48 are eliminated 
to prevent shading of the reflected light beam 50. Further 
reduction of the size of the projecting device 20 may be 
achieved by making the angle between light beams 48 and 50 
5 as small as possible. 

In the projecting device 20, the second lens set 28 usually 
comprises two positive lenses. The size of the image module 
34 may be changed to accommodate improvements in its 
10 resolution- The size of the image module 34 may be minimized 
while maintaining high efficiency of light usage if the two 
lens sets 28, 32 fit the following conditions: 

lj<t^l^<1.7 , 
Pa 


15 0.5< 


AB 


<1.1 


where is the focal length of the first lens set, Fq is the 
focal length of the second lens set, and F^^ is the combined 

focal length of the two lens sets. 

Please refer to Fig. 4. Fig. 4 is a positioning diagram 

20 showing relative positions of the first and second lens sets 
32, 28. The second lens set 28 comprises a first lens 27 and 
a second lens 29. The first lens 27, second lens 29, and first 
lens set 32 are aspherical lenses each comprising a front side 
and a rear side. The incident light beam 46 passes through 

25 a color filter 43 of the rotatable color wheel 40, the front 
side 52 of the first lens 27, the rear side 54 of the first 
lens 27, the front side 56 of the second lens 29, the rear 
side 58 of the second lens 29, the front side 60 of the first 
lens set 32, and the rear side 62 of the first lens set 32, 

30 and forms the incident light beam 48 which is passed onto the 
image module 34. 
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Please refer to Table 1 to Table 4. There are a variety 
of designs in the indexes of refraction, the radii of curvature 
of the front side and the rear side, the relative positioning 
5 of the first lens 27, second lens 29, and the first lens set 
32. Table 1 to Table 4 illustrate four preferred embodiments. 
The thickness of the first lens 27 (d2) is 6mm, the distance 
from the first lens 27 to the second lens 29 (d3) is 1mm; the 
thickness of the second lens 29 (d4) is 6mm, the distance of 

10 the second lens 29 to the first lens set 32 (d5) is 70mm, and 
the thickness of the first lens set 32 {d6) is 17mm. The index 
of refraction of each lens is calculated corresponding to a 
wavelength 0.587|jm. The conic of the first lens 32 in Table 
2 is -1.00 and is -0.97 in Tables 1, 3 and 4. Other related 

15 optical data are listed in Table 1 to Table 4. 

In the present invention, the lens sets 28,32 and the 
reflective mirror 30 of the projecting device 20 are arranged 
so as to shorten the optical paths and prevent crossing of 

20 light beams thereby reducing the overall size of the 
projecting device. Since the projecting device 20 does not 
contain prisms, there is no generation of chromatic 
aberrations and deviations of light. This results in ease of 
installation and lower manufacturing costs. 

25 Those skilled in the art will readily observe that numerous 

modifications and alterations of the device may be made while 
retaining the teachings of the invention. Accordingly, the 
above disclosure should by construed as limited only by the 
metes and bounds of the appended claims. 
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Claims 


What is claimed is: 

1. A projecting device comprising: 

a light source for generating an incident light beam; 

a reflective image module comprising a plurality of 
controllable reflective surfaces for modulating the 
incident light beam and generating a reflected 
image-containing light beam; 

a first lens set for concentrating the incident light beam; 

a reflective mirror for reflecting the incident light beam 
from the light source onto the image module through 
the first lens set; and 

a second lens set installed between the light source and 
the reflective mirror for shortening the optical path 
from the light source to the reflective mirror; 

therein the optical path of the incident light beam 
reflected from the image module intersects a plane 
formed by the optical paths of the incident light beam 
from the light source to the reflective mirror and from 
the reflective mirror to the image module at one point. 

2. The projecting device of claim 1 wherein the first lens 
set is a positive lens of aspherical plane-convex or 
aspherical biconvex, and the conic of the positive lens 
is between -1.2 and -0.45. 

3. The projecting device of claim 1 wherein the second lens 
set is formed by two positive lenses, and the first and 
second lens sets satisfy the following conditions: 


Fa 


over which is the focal length of the first lens set, 
is the focal length of the second lens set, and F^q is 
the combined focal length of the two lens sets- 

The projecting device of claim 1 wherein the incident light 
beam generated by the light source is concentrated by the 
second lens set and then the first lens set before it is 
transmitted to the image module so that the total length 
of the optical path from the light source to the image 
module is substantially reduced. 

The projecting device of claim 1 wherein the light source 
comprises a curved reflective mirror for reflecting light 
generated by the light source toward one direction so as 
to form the incident light beam of the light source. 

The projecting device of claim 1 wherein the light 
reflecting angle of each of the reflective surfaces of the 
image module can be separately controlled by the image 
module so as to generate the image-containing reflected 
light beam. 

The projecting device of claim 6 wherein the image module 
is a digital micro-mirror device. 

The projecting device of claim 1 wherein the image module 
is a reflective liquid crystal display. 

The projecting device of claim 1 further comprising a 
rotatable color wheel installed between the light source 
and the second lens set for altering the color of the 


10 


incident light beam generated by the light source. 

0. The projecting device of claim 9 wherein the color wheel 
comprises a round panel having a plurality of transparent 
color filters installed around its periphery for 
converting the incident light beam into various colored 
light beams when the color wheel is rotated, 

1. The projecting device of claim 10 wherein the color wheel 
comprises red^ green and blue color filters for converting 
the incident light beam into red^ green and blue incident 
light beams. 

2. The projecting device of claim 11 wherein the red, green 
and blue color filters are sequentially arranged for 
generating red, green and blue incident light beams in 
turn. 

3 . The projecting device of claim 1 further comprising a third 
lens set installed between the light source and the 
rotatable color wheel for focusing the incident light beam 
generated by the light source onto the color filters. 

4 . The projecting device of claim 1 wherein the first and 
second lens sets have positive refractive power. 

5. The projecting device of claim 14 wherein the first lens 
set is an aspherical lens and the second lens set comprises 
a first lens and a second lens wherein the first lens set 
and the first and second lenses of the second lens set each 
comprises a front side and a rear side, and the incident 
light beam emitted from the light source is transmitted 
sequentially through the front side of the first lens, the 
rear side of the first lens, the front side of the second 
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lens, the rear side of the second lens, the front side of 
the first lens set and the rear side of the first lens set. 

. The projecting device of claim 15 wherein the reference 
data of the first and second lenses of the second lens set 
and first lens set are listed below: 

the index (the wavelength is 0.587 jjm) of refraction of 

the first lens = 1.74, 
the index (the wavelength is 0.587 |Liin) of refraction of 

the second lens = 1.52, 
the index (the wavelength is 0.587 jam) of refraction of 

the first lens set = 1.52, 
the conic of the first lens set = -0.97, 
the radius of curvature of the front side of the first lens 

= infinity, 

the radius of curvature of the rear side of the first lens 
= 14iTim, 

the radius of curvature of the front side of the second 

lens ^ infinity, 
the radius of curvature of the rear side of the second lens 

= 16mm, 

the radius of curvature of the front side of the first lens 
set = -21mm, 

the radius of curvature of the rear side of the first lens 

set = infinity, 
the thickness of the first lens = 6mm, 

the distance from the rear side of the first lens to the 

front side of the second lens = 1mm, 
the thickness of the second lens = 6mm, 

the distance from the rear side of the second lens to the 

front side of the first lens set = 70mm, and 
the thickness of the first lens set = 17mm. 
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17. The projecting device of claim 15 wherein the reference 
data of the first and second lenses of the second lens set 
and first lens set are listed below: 

the index (the wavelength is 0.587 |Jin) of refraction of 
5 the first lens = 1.74, 

the index (the wavelength is 0.587 |irti) of refraction of 

the second lens = 1.74, 
the index (the wavelength is 0.587 |im) of refraction of 
the first lens set = 1.52, 
10 the conic of the first lens set = -1.00, 

the radius of curvature of the front side of the first lens 
= 60mm, 

the radius of curvature of the rear side of the first lens 
= 12mm, 

15 the radius of curvature of the front side of the second 

lens = infinity, 
the radius of curvature of the rear side of the second lens 
= 16mm, 

the radius of curvature of the front side of the first lens 
20 set = -21mm, 

the radius of curvature of the rear side of the first lens 

set = infinity, 
the thickness of the first lens = 6mm, 

the distance from the rear side of the first lens to the 
25 front side of the second lens = 1mm, 

the thickness of the second lens = 6mm, 

the distance from the rear side of the second lens to the 

front side of the first lens set = 70mm, and 
the thickness of the first lens set = 17mm. 

30 

18. The projecting device of claim 15 wherein the reference 
data of the first and second lenses of the second lens set 
and first lens set are listed below: 

the index (the wavelength is 0.587 ym) of refraction of 
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the first lens = 1.74, 
the index (the wavelength is 0.587 ^m) of refraction of 

the second lens = 1.52, 
the index (the wavelength is 0.587 |am) of refraction of 

the first lens set = 1.52, 
the conic of the first lens set = -0.97, 
the radius of curvature of the front side of the first lens 

= infinity, 

the radius of curvature of the rear side of the first lens 
= 15.5mm, 

the radius of curvature of the front side of the second 

lens = infinity, 
the radius of curvature of the rear side of the second lens 

- 17mm, 

the radius of curvature of the front side of the first lens 
set = -21mm, 

the radius of curvature of the rear side of the first lens 

set = infinity, 
the thickness of the first lens = 6mm, 

the distance from the rear side of the first lens to the 

front side of the second lens = 1mm, 
the thickness of the second lens = 6mm, 
the distance from the rear side of the second lens to the 

front side of the first lens set - 70mm, and 
the thickness of the first lens set = 17mm. 

. The projecting device of claim 15 wherein the reference 
data of the first and second lenses of the second lens set 
and first lens set are listed below: 

the index (the wavelength is 0.587 |iin) of refraction of 

the first lens = 1.74, 
the index (the wavelength is 0.587 jjm) of refraction of 

the second lens = 1.52, 


14 


the index (the wavelength is 0.587 |am) of refraction of 

the first lens set = 1.52, 
the conic of the first lens set =-0.97, 

the radius of curvature of the front side of the first lens 
= infinity, 

the radius of curvature of the rear side of the first lens 
= 18 . 5min, 

the radius of curvature of the front side of the second 

lens = infinity, 
the radius of curvature of the rear side of the second lens 

= 17mm, 

the radius of curvature of the front side of the first lens 
set = -21mm, 

the radius of curvature of the rear side of the first lens 

set = infinity, 
the thickness of the first lens = 6mm, 

the distance from the rear side of the first lens to the 

front side of the second lens = 1mm, 
the thickness of the second lens = 6mm, 
the distance from the rear side the second lens to the front 

side of the first lens set = 70mm, and 
the thickness of the first lens set = 17mm, 

The projecting device of claim 1 further comprising a 
projecting module for projecting the light beam reflected 
by the image module onto a screen. 

The projecting device of claim 20 wherein the angle formed 
by the projecting light beam and the normal line of the 
image module is between 2 to 18 degrees, the angle formed 
by the optical axis of the first lens set and the normal 
line of the image module is between 21 to 35 degrees, and 
the angle formed by a line defined by projecting the 
optical axis of the first lens set onto the surface on which 
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the image module is located and the normal line of a plane 
formed by the projected light beam and the normal line of 
the image module is between -48 to -68 degrees. 

The projecting device of claim 1 wherein the incident light 
beam produced by the light source will be transmitted along 
the direction of the optical axis of the second lens set^ 
and wherein the angle formed by the optical axis of the 
second lens set and the normal line of the surface formed 
by the projecting light beam and the normal line of the 
image module is between 0 to 15 degrees - 
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Abstract of the Disclosure 
The present invention discloses a projecting device 
without prisms . The projecting device comprises a light source 
for generating an incident light beam, a reflective image 
module comprising a plurality of reflective surfaces which 
can be separately controlled to generate the image-containing 
reflected light beam, a first lens set for concentrating the 
incident light beam, a reflective mirror for reflecting the 
incident light beam and concentrating the light beam through 
the first lens set onto the image module, and a second lens 
set installed between the light source and the reflective 
mirror for shortening an optical path from the light source 
to the reflective mirror. The optical path of the incident 
light beam reflected from the image module intersects a plane 
formed by the optical paths of the incident light beam from 
the light source to the reflective mirror and from the 
reflective mirror to the image module at one point, thus 
interference of the light beams is prevented. 
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